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Outline of presentation

•• Overview of the Big Sky partnership Overview of the Big Sky partnership 
effortsefforts

• Sources and sinks in the region
• Promising Geological sequestration 

opportunities
• What will it cost??



Overview

Partnership Goal: Develop infrastructure to 
support and enable future carbon 
sequestration field tests and 
deployment(regional orientation)
Phase I: 2003-2005 scoping/screening effort

Phase II:  Two focal areas: geological and 
terrestrial sequestration opportunities





Outline of Presentation

• Overview of the Big Sky partnership efforts

•• Sources and sinks in the regionSources and sinks in the region

• Promising Geological sequestration 
opportunities

• Other sequestration questions



Sources and Sinks

• GIS Component
– Sources and Sinks Identification and 

Characterization
– Carbon Atlas
– National Mafic Rock Atlas
– Site Specific Characterizations
– Base Data/Infrastructure
– Terrestrial and Economic Data Layers





Building the 
Geological 

Carbon Atlas

Compiled data from 117,304 active 
wells in WY and MT

Developed GIS model to calculate 
sequestration volumes (based on 
depth, temperature, pressure, 
density, and thickness)

Characterized sequestration 
volumes for 283 formations in
57 plays



Developed maps 
of each formation 
within all plays
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National Mafic Rock Atlas

• Develop a GIS-based tool 
that integrates 
– modeling studies
– laboratory tests
– pilot project insights

• Provides for transferability 
of pilot results nationally 
and internationally 

Many power plants are located near large basalt provinces
- Exist in regions with limited “conventional” capacity
- Prevalent in regions with large future electrical generation   
growth



Used Century Model to 
examine terrestrial carbon 
flux (based on climate, 
soil, land use)
Evaluated management 
scenarios for continuous 
grassland and 
conventionally-tilled 
cropland
Estimated current annual 
soil carbon fluxes in Big 
Sky states

Building the Terrestrial 
Carbon Atlas



Outline of presentation

• Overview of the Big Sky partnership efforts

• Sources and sinks in the region

•• Promising Geological sequestration Promising Geological sequestration 
opportunitiesopportunities

• Other sequestration issues



Geological Sequestration Efforts –
Phase II

Demonstration projects
– basalt/mafic pilot scale injection (form solid 

phase carbonates)
– carbonate aquifer assessment (develop 

carbonate alkalinity)
– deep coal bed exchange (separate and 

sequester from flue gasses)

Transfer results to the Nation  
– national mafic/basalt atlas 



Geologic Field Activities

• Basalt and Mafic Rock Field Validation Test
– National Mafic Rock Atlas

• Reactive Carbonate Reservoir (Madison Formation) Field 
Validation Test

• Enhanced Coal Bed Methane Recovery and CO2
Sequestration



http://carbonatlas.bigskyco2.org/files/maps/4geolsinks-basalt_w1200px.jpg


Basalt and Mafic Rock Field Validation Test
• 3000 MT of CO2 transported by 

rail from refinery
• Utilize existing deep well 

infrastructure to minimize 
drilling costs for injection and 
monitoring

• Target is Grande Ronde basalt 
formation (1,100 m depth)

• Post injection core sampling to 
verify mineralization reactions

• NEPA CX application prepared 
for submission

• Pre-injection work with existing 
well to begin Dec 06

• MMV plan complete in Oct 06

1616



Conclusions: Sequestration in 
Basalts

Large basalts provinces globally distributed

Economic opportunity costs of using basalts are minimal

Conducive mineralogy for sequestration

Rapid conversion of CO2 to carbonate 

High porosity and permeability

Five largest basalt provinces could sequester 10,000 
years of world CO2 emissions
Big question: how does this compare to costs of other 
sequestration and mitigation options 



Pilot Demonstration:
Carbonate Petroleum Reservoir

Regionally abundant carbonate 
rocks (dolomites and limestones) 
are highly reactive with CO2

CaMg[CO3]2 + 2CO2 + 2H2O 
Ca2+ + Mg2+ + 4HCO3

-

Reactions should result in 
permeability and porosity 
increases

Depth to Top of Madison Formation



BIG SKY  PARTNERSHIP:
Matching Sources and Carbonate Petroleum Reservoirs:

Madison Formation  



Objective and Approach

• Assess long-term CO2 mineralization rates in a 
carbonate hosted reservoir (Madison Formation)

• Collect core from reservoir that has undergone CO2
EOR 

– long CO2 exposure history
– Compare to pre-injection core
– Validate predictive modeling of CO2 injection



• Update:  EOR opportunities in the Region
– High oil/gas prices make EOR attractive
– Sources of CO2?  IGCC?

• Existing sources are natural (LaBarge Cr Plant)

– Infrastructure to deliver CO2 from existing 
and future point sources ($900k/mi pipeline 
cost)

• Enhanced Coal Bed Methane
– Flue gas injection vs. pure stream



http://carbonatlas.bigskyco2.org/files/maps/4geolsinks-fields_w1200px.jpg


23

Pilot Design: Enhanced Coal Bed Sequestration

Recent work shows Powder 
River basin coals can 
adsorb twice as much CO2
as Uinta basin coals
Study various gas injection 
strategies
– Economic evaluation
– Reservoir simulation

Attention will be given to 
impact of coal swelling on 
permeability changes
Submission of the Detailed 
reactive carbonate reservoir 
project plan
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Outline of Presentation

• Overview of the Big Sky partnership efforts

• Sources and sinks in the region

• Promising Geological sequestration 
opportunities

•• Other sequestration issuesOther sequestration issues



• Market–based storage and verification protocols   
• Terrestrial Pilots and Activities:
− cropland  
− forestland  
− rangeland field test sites and 
− design carbon portfolios in conjunction with 

industry, tribal members, and landowners
− Design plans for cropland and rangeland field test 

sites have been submitted

Terrestrial Sequestration Efforts



BSCSP Terrestrial Sequestration Activities
• Carbon Markets

– Market-based storage and verification protocols 
– Design carbon portfolios in conjunction with industry, 

tribal members, and landowners
• Terrestrial Pilots

– Agriculture
– Forestland  
– Rangeland



Carbon Market Efforts
Implement pilot forestry, agroforestry, and cropland carbon 
sequestration projects in conjunction with landowners, and 
national and international carbon trading companies

All pilot projects will be marketed through Nat Source via CCX 
and/or other emerging markets

Two 12,500 ton portfolios (tribal & private landowners)

Seating a Technical Standards Committee for the purpose of 
setting project standards for the portfolio projects



Components of an Economic/Risk
Assessment Framework

Economic input on cost (from private sector)

Legal and regulatory issues 

Monitoring, Measurement and Verification

Common units for comparison – spatial, temporal metrics

End product – regional supply curve(s) for Carbon



Price

Forestry

Geologic

Regional Carbon Supply Curve
Price
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http://carbonatlas.bigskyco2.org/files/maps/3terra_scen3crp_w1200px.jpg


Phase II Regulatory Compliance and Public 
Outreach

Regulatory and Public Involvement Action Plan (currently 
under revision)

Regulatory Permitting Guidelines

Energy Future Coalition

Annual Energy Forum & Report

State Legislative Symposia

Partnership Recognition/Media Network 

National Outreach Working Group

Capacity Building



Contacts:

Susan M. Capalbo, Director 
Montana State University
scapalbo@montana.edu

Big Sky Partnership Office
John Talbott, Project Manager

john.talbott@montana.edu
Office:  406-994-3800

Bob Smith, Associate Director
University of Idaho

smithbob@uidaho.edu

Pamela Tomski, Associate Director
EnTech Strategies

ptomski@erols.com

mailto:scapalbo@montana.edu
mailto:john.talbott@montana.edu
mailto:smithbob@uidaho.edu
mailto:ptomski@erols.com
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